The GSJ B326 borehole was drilled in the Joban coastal region, east of the Abukuma Plateau, reached a depth of ~ 1005 m. Although most of the sequence is composed of Tertiary sediments, plutonic rocks occur from 815.1 m to 1005 m in depth. The lithology of the plutonic rocks is tonalite and subordinate aplite veins. Radiometric ages of zircons in three granitoids were obtained from the Pb ratio and isotopic compositions of Pb using a Sensitive High Resolution Ion MicroProbe (SHRIMP II). The weighted mean of the zircon ages of a sample from the shallower part of the borehole is 293 ± 1.8 Ma, whereas that for two samples from the deeper part of the borehole is 300.3 ± 1.5 Ma and 304.3 ± 1.7 Ma. The previously reported U -Th -Pb chemical age of uraninite from the deeper part of the borehole is 285 ± 4 Ma. These data indicate that a melt intruded into the ~ 300 Ma rock body at ~ 290 Ma. Granitoid with 300 Ma are scarce in the Japanese Islands, and this is the first report of such granitoids in northeast Japan.
INTRODUCTION
The Abukuma Plateau is mostly composed of Cretaceous granitoids (Fig. 1) . Two shear zones, Hatakawa and Futaba, run along the eastern part of the plateau. The Futaba fault in the Futaba shear zone forms the eastern edge of the plateau. The Joban coastal region on the east of the Futaba fault is composed mostly of Tertiary -Quaternary sedimentary rocks. Sugai et al. (1957) considered that the basement of the sedimentary sequence comprises igneous or metamorphic rocks similar to those in the Abukuma Plateau. Although the borehole was drilled for a biostratigraphic study, granitoids were recovered continuously from the borehole at depths of 815.1 m to 1005 m. The sediments overlying the granitic rock are from Early Oligocene (Yanagisawa et al., 1989) . In northeast Japan, granitoids with 90 -100 Ma occurs in the Abukuma Plateau (e.g., Kawano and Ueda, 1965b; Takagi and Kamei, 2008) and 110 -120 Ma occurs in the Kitakami Mountains (e.g., Kawano and Ueda, 1965a) . Two small Paleozoic granitoid bodies also occur on northeast Japan: Hikami granitoid body with a size of 7 × 14 km 2 (442.0 ± 3.5 Ma; Watanabe et al., 1995) and Daiouin granitoid body with a size of 6 × 7 km 2 (490.8 ± 6.1 Ma; Sakashima et al., 2003) . Therefore, it is reasonable to suppose that the age of the granitoids recovered from the borehole is around 90 Ma, 120 Ma, 440 Ma, or 500 Ma. However, a recent geochronological study of monazite and uraninite based on U -Th -Pb chemical ages indicates that the granitoids are 280 Ma to 300 Ma (Ohtomo et al., 2008) . Granitoids around 300 Ma are scarce in the Japanese Islands. Hence, we attempted to obtain the SHRIMP zircon ages of the granitoids to ascertain whether the formation age of the granitoids were around 300 Ma or older.
SAMPLE DESCRIPTION
The location of the borehole is described in Yanagisawa et al. (1989) and shown in Figure 1 , and the petrographical columnar section of the borehole is shown in Figure 2 . The granitoids from the borehole consist mainly of tonalite. Aplite and quartz diorite occur as veins or blocks. Most of the granitoids have a schistose texture and locally cataclastic nature. The constituent minerals of the tonalites are fine -grained in the shallower part and mediumgrained in the deeper part of the borehole core. The magnetic susceptibility of the tonalites is as high as 7 × 10 −3 to 15 × 10 −3 SIU; these tonalities belong to the magnetite series of granitoids (Kubo et al., 1994) . The aplite and quartz diorite have a low magnetic susceptibility. Three tonalite samples were studied in this work. The sample GSJ -B326 -b -1 is a fine -grained tonalite from 827.0 -827.3 m. GSJ -B326 -b -6 and GSJ -B326 -b -8 are medium -grained tonalites from 942.3 -942.6 m and 1004.7 -1004.9 m, respectively. Photomicrographs of the typical microstructures of the samples are shown in Figure 3 . This rock has an indistinct foliation characterized by the elongation of quartz and an alignment of biotite flakes.
GSJ-B326
The main constituent minerals of this rock are plagioclase, quartz, biotite, muscovite, and alkali feldspar. Apatite, zircon and opaque mineral are common accessories. Epidote, chlorite and calcite occur as secondary minerals. Non -deformed plagioclase occurs as subhedral crystals and exhibits simple zoning. The recrystallized margins of plagioclase have elongated shapes that are parallel to the foliation. Undulatory extinction and deformation lamella are observed in the recrystallized quartz grains. Biotite is brown and is mostly a recrystallized grain. The trace amount of muscovite is associated with biotite. Alkali feldspar rarely appears in the domain of recrystallized plagioclase, quartz, and biotite. Calcite veins are observed to cut the rock at a high angle to the foliation.
GSJ-B326-b-6 (medium-grained tonalite; 942.3-942.6 m)
This rock has a distinct foliation characterized by the elongation of quartz and an alignment of biotite porphyroclasts and flakes. The main constituent minerals of this rock are plagioclase, quartz, biotite and alkali feldspar. Apatite, zircon and opaque mineral are common accessories. Epidote, chlorite and sericite occur as secondary minerals. Non -and weakly deformed plagioclase occurs as subhedral crystals and exhibits simple normal zoning. The recrystallized margin of plagioclase with fine -grained quartz and alkali feldspar has an elongated shape that is parallel to the foliation. Undulatory extinction and deformation lamella are observed in recrystallized quartz grains. Both porphyroclastic and recrystallized biotite grains are brown. Undulatory extinction and bending are observed in porphyroclastic biotite. Calcite veins are observed in the rock.
GSJ-B326-b-8 (medium -grained tonalite; 1004.7-1004.9 m)
This rock has a distinct foliation characterized by the elongation of quartz and an alignment of biotite flakes. The main constituent minerals of this rock are plagioclase, quartz, biotite and alkali feldspar. Apatite, zircon and opaque mineral are common accessories. Epidote, chlorite and sericite occur as secondary minerals. Weakly deformed plagioclase is subhedral and has an oscillatory zoning and subgrain structure. The recrystallized grains in the margins of plagioclase have an elongated shape that is parallel to the foliation with fine -grained quartz and rare alkali feldspar. Undulatory extinction and deformation lamella are observed in the recrystallized quartz grains. Biotite is brown and is mostly recrystallized. Prehnite and adularia veins are rarely observed in the rock.
SAMPLE PREPARATION AND ANALYTICAL METHODS
The zircon grains for the SHRIMP analysis were handpicked from heavy fractions that were separated from the rock samples by standard crushing and heavy -liquid techniques. Zircon grains from the samples and the zircon standard AS3 ( 206 Pb/ 238 U = 0.1859; Paces and Miller, 1993) were mounted in an epoxy resin and polished until the surface was flattened and the center of the embedded grains was exposed. Images of both the backscattered electron and cathodoluminescence were used for selecting the sites for the SHRIMP analysis. The U -Pb dating of these samples was carried out using SHRIMP II installed at the National Institute of Polar Research (NIPR), Japan. The experimental conditions and the procedures followed for the measurements were based on Williams (1998) . The spot size of the primary ion beam was approximately 20 µm. The U -Pb data were reduced in a manner similar to that described by Williams (1998) using the SQUID Excel macro written by Ludwig (2001) . A correction for common Pb was made on the basis of the measured 204 Pb and the model for common Pb compositions proposed by Stacey and Kramers (1975) . The pooled ages presented in this study were calculated using the Isoplot/Ex software (Ludwig, 2003) . The uncertainties in the mean 206 Pb * / 238 U ages are within the 95% confidence limits (tσ) and include the uncertainty in the Pb/U calibration for each analytical session.
RESULTS AND DISCUSSION
Most zircon grains in the samples show magmatic oscillatory zoning in the backscattered electron and/or cathodoluminescence images (Fig. 4) . U and Th concentrations range from 38 to 381 ppm and 16 to 299 ppm, respectively, and Th/U ratios range from 0.39 to 0.81 ( Fig. 5 and Table 1 ). The zircon grains that have relatively high Th/U ratios (>0.1) also indicate that they are igneous in origin (Hoskin and Black, 2000) . Figure 6 shows the Tera -Wasserburg concordia diagrams for all the analyzed spots. The weighted mean of the SHRIMP zircon ages of GSJ -B326 -b -1, GSJ -B326 -b -6, and GSJ -B326 -b -8 are 293.0 ± 1.8 Ma (tσ), 300.3 ± 1.5 Ma (tσ) and 304.3 ± 1.7 Ma (tσ), respectively. The fine -grained tonalite, GSJ326 -b -1, recovered from the shallower part of the borehole is clearly younger than the medium -grained tonalites, GSJ326 -b -6 and GSJ -B326 -b -8, from the deeper part of the borehole. Considering the high closure temperature of the U -Pb system in zircon (e.g., Cherniak and Watson, 2001) , the magmatic zoning and the high Th/U ratios mentioned above, we regard the ages as the formation ages of the granitoids. Therefore, it is supposed that a melt (typified by GSJ -B326 -b -1) intruded into the ~ 300 Ma rock body (typified by GSJ -B326 -b -6 and GSJ -B326 -b -8) at ~ 290 Ma (Fig. 7) . On the other hand, uraninite from the nearby GSJ -B326 -b -8 sample (Fig. 2) yields the weighted mean age of 285 ± 4 Ma (Ohtomo et al., 2008) . There are clear differences between the SHRIMP zircon age and the EMP uraninite age in the medium -grained tonalite from the deeper part. The age of 285 Ma is similar in age to the younger granitic activity, ~ 290 Ma. This result indicates that the uraninite in the older rocks was formed by the hydrothermal activity caused by a younger intrusion (Fig. 7) . In spite of the variation in the ages, these data indicate the existence of a Late Paleozoic plutonic complex of 300 Ma in northeast Japan where no other granitoid with such an age had been reported. In the Japanese Islands, enormous amounts of age data have been obtained from granitoids. However, the granitoids with 300 Ma are scarce. Thus far, three sets of age data of granitoids from southwest Japan show the ages of around 300 Ma. They are two granitoids in the Hida Belt, central Japan (Kunugiza et al., 2000) and a quartz diorite in Usukigawa, Kyushu (Sakashima et al., 2003) ; they were obtained by the SHRIMP method. On the other hand, the ages of around 300 Ma have been reported from high −P/T type metamorphic rocks in the eastern part of the Abukuma Plateau. In this area, the high −P/T type metamorphic rocks occur sporadically along the Futaba shear zone (Fig. 1) , and the white mica K -Ar and Rb -Sr ages of the rocks is around 300 Ma (Kawano and Ueda, 1965a; Shibata et al., 1972) . One of the outcrops of the high −P/T type metamorphic rocks is close to the borehole site considered in this study. The close occurrence of granite and high −P/T type metamorphic rocks is similar to that in central Kyushu where the Usukigawa quartz diorite and the Kiyama high −P/T type metamorphic rocks with white mica K -Ar ages of 300 Ma (Kabashima et al., 1995) occur across the presumed OitaKumamoto tectonic line (e.g., Teraoka, 1970; Hirokawa, 1976) . A 1000 -km -long region between Abukuma and central Kyushu not only shows no traces of pair of the 300 Ma rocks but the plutonic bodies and metamorphic rocks therein are also too small in size (<7 km) to connect the two regions. In the coastal zone of the study area, a Cenozoic sedimentary basin that is at least 10 km wide has been developed. However, thus far, no datum has been obtained about the basement rocks of a wide continental shelf (see Fig. 1 ). An unconformity between the granitoids and the Oligocene sediments in the borehole is observed at the depth of 815.1 m. Hence, the coastal side of the Futaba fault moved vertically by at least 800 m until the deposition of the Oligocene sediments. This is consistent with the estimated differential movement of the fault, i.e., the relative uplift of the western block at approximately 1000 m (Tsuneishi, 1966 (Tsuneishi, , 1978 . Considering the differential movement of the fault, it appears that the old geologic unit, including the 300 Ma granitoids, is concealed widely under the Cenozoic sediments. Additionally, considering the "huge pile of nappes" structure of the Japanese Islands (Isozaki and Maruyama, 1991; Isozaki, 1996) , it is possible that the younger accretionary complexes also lie under the "old geologic unit" just as those between the Kurosegawa and Chichibu belts, southwest Japan. It seems that the wide continental shelf of northeastern Japan contains the clue to unify the tectonic framework of the southwest and northeast Japan.
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